O ver the past decade, rare diseases have assumed an increasingly prominent place in health care discourse in the US and around the world. Rare diseases currently comprise approximately 6,000 different disease types, affecting about 6-8 % of people, 1 or about the same proportion of the US population with diabetes. 2 However, the number of rare diseases continues to rise, as new genomic data have led physicians and scientists to recognize that many diseases thought to be single entities may actually be made up of numerous genetically unique rare subtypes that have different responses to therapy and varying prognoses. In addition, drugs for rare diseases make up the largest growing category of new molecular entities approved by regulators in the US and EU. 3, 4 New legislative programs in the US and EU have sought to encourage greater investment in research for certain types of rare diseases, including neglected tropical diseases. 5 At the same time, investment by charitable foundations and patient interest groups related to rare diseases has led to some notable therapeutic advances, such as ivacaftor, a breakthrough therapy for a rare subtype of cystic fibrosis. 6 Despite these advances, there remains an urgent need for research into the biological basis and natural history of many rare diseases, the health outcomes that patients with rare diseases might expect, and how various clinical interventions might affect those outcomes. Emily Kramer-Golinkoff provides powerful first-hand insights into the urgency faced by rare disease patients in her "Healing Arts" essay in this issue. However, there are many obstacles to conducting such research. Studies of rare diseases not only often include few patients, limiting statistical study power, but because a large proportion of patients with the same rare disease may be included in a particular study, there may be limited opportunity to replicate study findings in external populations. The geographic spread of patients who might qualify for a prospective study complicates recruitment and follow-up and increases study costs. In trials of medical interventions, patients sometimes opt not to enroll because of concerns that they would receive a placebo rather than an active treatment. Some patients also seek and gain access to drugs outside of trials, further limiting recruitment and enrollment.
These challenges necessitate innovative approaches to research, which was a key motivation for producing this journal supplement. The articles herein focus on novel ways of evaluating patient health outcomes in rare diseases. We identified four general facets of research for rare diseases that necessitate such innovative approaches:
(1) Rare disease patients' health outcomes in clinical trials.
Rigorous approaches to randomized trials in rare diseases are needed. In a recent study, we found that cancer drugs for rare diseases were more likely than non-orphan cancer drugs to be approved on the basis of methodologically weaker assessments. That is, these trials were more likely to be nonrandomized, unblinded, single-arm trials and more likely to consider only intermediate endpoints such as "disease response" rather than survival. 7 Therefore, in organizing this supplement, we sought to include manuscripts describing creative solutions to improve the conduct of randomized trials for the development and testing of rare disease treatment, other tools or approaches that might be applied to address the unique features of studying treatments in rare diseases, and the implications of these nontraditional clinical trial methods for rare diseases patients. In this issue, Retsch-Bogart et al. identify clinical research metrics to improve clinical trial performance in the context of cystic fibrosis, showing that certain characteristics of clinical trials involving rare diseases are directly related to the success of the trial in attracting patients. (2) Emerging data sources and novel analytic methods for observational research on health outcomes among patients with rare diseases. Due in part to the challenges of conducting the randomized trials described above, observational studies are taking on a more prominent role in evidence generation for patients with rare diseases. Yet, in a previous review of methods proposed for or used to study health outcomes in rare diseases, we found very little innovation in the area of observational research methods, even with the increases in available data resources. Superb work has been done recently by rare disease patients, their advocacy groups, and their physicians to build registries of important health outcomes among rare disease patients. 8 In addition, many existing and nascent networks of electronic healthcare databases bring together data on large numbers of patients that could be used to study outcomes in rare diseases. In this issue, we feature several articles that address both processes of data aggregation and building federated data networks to amass larger patient populations with increasingly rich clinical information and methods for analyzing data in such environments. Nigwekar et al. and Royer et al. focus on innovative uses of administrative data sources in studying rare diseases. Nigwekar and colleagues developed an algorithm using natural language processing and review of medical and pathology records in electronic healthcare data to identify patients with calciphylaxis and used it to conduct the first national epidemiologic evaluation of this rare disorder in the US. Royer and colleagues describe the process they used to identify patients with fragile X syndrome, spina bifida, and muscular dystrophies in a novel statewide database in South Carolina that includes demographic and medical information linked to employment, education, disability, and socioeconomic data. The goal of this issue is to illuminate some of the important work being done around the world to improve methods for studying rare diseases. In addition, clinicians may be motivated to consider how they can support the methods described in these pages. For example, internists working with rare disease patients may choose to take a more active role in coordinating patient care, promote collection of unique patient-reported outcomes, or provide more robust clinical data on their patients to insurers or institutional data repositories that can support observational research. Finally, it is our hope that this remarkable collection of articles will not only provide insights into some of these novel methods that readers can bring back to their own research, but also spark creative thinking to further enhance methodological innovation in this area and ultimately improve health outcomes for those living with rare diseases.
